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Design of BAW Filter On-board Test Fixture

XU Xiaxi', GAO Yang®,YUAN Jing'
(1. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
2. Microsystem Centre, Southwest University of Science and Technology,Mianyang 621010, China)

Abstract: In order to solve the problem that Bulk Acoustic Wave (BAW) filter and the test instrument cannot be
directly tested due to different interface forms, an on-board test fixture for BAW filter is designed in this paper.
Firstly, the thickness parameter of the dielectric substrate of the test fixture was preliminarily determined according
to the experience formula,and the initiallength and width of the micro-strip transmission line of the test fixture were
calculated by the tool-LineCaclin ADS. Secondly, the TDR transient simulation circuit was established in ADS to
study the impedance mismatching of micro-strip line, and the methods to solve the mismatching were presented.
And then, the initial structural parameters of the designed fixture were imported into ADS for checking the imped-
ance matching. Finally threeBAW filters with different center frequency were selected as the device under test
(DUT) respectively to do the on-wafer probe and the on-board fixture test. Three comparisons of S, on-board vs
S, on-wafer, S;, on-board vs S,; on-board, S;; on-board vs S,, on-board were carried out according to the test results
of the scattering parameter matrix parameters(S;; S, .Sy .Sy, ) curves of the same filter. The comparison resultss-
how that the whole test curve of on-board fixture test is slightly offset fromthat on-wafer probe test, but the trend
of the whole curve is consistent, the S;,-S,; and S;,-S,; curves of the on-board test areall in good agreement. The on-
board fixture test results can provide a reliable initial value for subsequent de-embedding calibration.

Key words: bulk acoustic wave(BAW) filter;on-board test;in-fixture; S-parameters
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The Optimal Design of Ultra-Wideband Low Loss SAW Filter

HUANG Xin, YAN Kunkun, HUANG Wei, WEI Yongping
(Beijing Zhongke Feihong Science & Technology CO. ,LTD. Beijing 100095, China)

Abstract; This paper describes the development of ultra-wideband and very low-loss SAW filter based on the
large electromechanical coupling coefficient LLove wave mode, a Cu electrode/15°YX-LiNbQO; structure was employed
as a substrate. The design adopts the modified coupled mode model for accurate simulation and simulated annealing
algorithm for the optimization of resonator parameters. The width/length weighted dummy electrodes were used to
suppress spurious responses caused by the transverse-mode resonances, and a viscous film was coated on the filter
surface which is effective in suppress a spurious dip caused by Rayleigh mode. A filter with the center frequency of

620 MHz, —1 dB fractional bandwidth of 14. 9% , —3 dB bandwidth of 18. 3%, insertion loss of 0. 94 dB, and out-

of-band rejection of higher than 40 dB was fabricated.

Key words: SAW filter; ultra-wideband; Cu electrode/15°YX-LiNbO;
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A Staphylococcus Aureus Biosensor Based on a Novel Surface Acoustic
Wave One Port Resonator

QI Xiaolin''?, LIU Jiansheng', HE Shitang' , LIANG Yong'
(1. Institute of Acoustic, Chinese Academy of Science, Beijing 100190, Chinaj;
2. University of Chinese Academy of Science, Beijing 100490, China)

Abstract; Based on a novel surface acoustic wave (SAW) one-port resonator, a SAW Staphylococcus aureus (S.
aureus) biosensor was designed and fabricated. This sensor adopted a resonator structure with a built-in sensitive ar-
ea in the middle of the interdigital transducer(IDT). Firstly, we analyzed the response mechanism of SAW biosensor
according to the perturbation theory. Then. by combining the coupling-of-modes (COM) theory, the frequency re-
sponse curve of the resonator was obtained. The measured results of the network analyzer showed that the frequency
response curve of SAW resonator was consistent with the simulation result, and the resonator had the advantage of
high quality factor. This structure was used for preliminary detection of Staphylococcus aureus in the experiment,
and the linearity of the detection results was good, which laid a foundation for the next step of realizing the specific
real-time detection of S. aureus by SAW sensors.

Key words: surface acoustic wave(SAW) sensor; one-port resonator;sensitive area; high quality factor; Staphy-
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Design and Implementation of High Precision Frequency Measuring Instrument
Base on SAW

CHEN Xinyu', ZENG Rongsheng' , HONG Ye', YANG Yunuo', SUN Kexue'**

(1. College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications Nanjing 210023, China;

2. Nation-Local Joint Project Engineering Lab of RF Integration &. Micropackage, Nanjing 210023, China)

Abstract; A high-precision surface acoustic wave measuring instrument based on FPGA equal precision frequency

measurement and automatic gain control(AGC) circuits is designed. The measuring instrument collects the sound

wave through the surface acoustic wave sensor and converts it into an electric signal and limits and shapes the signal

through the AGC circuit and the Schmitt trigger to convert it into a square wave of the measurable frequency. Final-

ly, the frequency measurement circuit is realized by the FPGA frequency measuring circuit, and the result is trans-

mitted to the single chip microcomputer for display. The test results show that the instrument can measure the sig-

nal frequency in the {requency range of 100 Hz~ 100 kHz. The maximum measurement error of the system is

1. 2%, the frequency range is wide, the precision is high, and the stability is good.

Key words: equal precision frequency measurement; surface acoustic wave sensor; field-programmable gate array

(FPGA) ; automatic gain control(AGC)
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Scheme of Quantum iISWAP Gate Composed of Superconducting Circuits and
Bulk Acoustic Wave Resonator

ZHANG Kaixuan' ,HUANG Chunhui'*
(1. College of Physics and Information Engineering, Fuzhou University, Fuzhou 350116, China;
2. College of Artificial Intelligence, Yango University, Fuzhou 350115, China)

Abstract: The physical implementation of quantum gates with high fidelity is one of the key technologies of
quantum computation and quantum communication. Based on the circuit quantum electrodynamics and circuit quan-
tum acoustodynamics theory, a quantum gate scheme composed of two superconducting transmon qubits with long
coherence time and a film bulk acoustic wave resonator (FBAR) with high mechanical quality factor is proposed in
this paper. The bulk acoustic resonator acts as a microwave photon channel, which enables quantum state exchange
between two transmon qubits. In this paper, the equivalent circuit of bulk acoustic resonator is analyzed by the But-
terworth Van Dyke model, and the quantized Hamiltonian of the system is constructed, then the quantum state of
the system is encoded in the form of two-level atom-phonon mixed quantum state. The input state of the system is
controlled by adjusting the external magnetic field, and the output state of the system can be obtained by the meas-
urement module. Under the Jaynes-Cummings model, the system can complete quantum iSWAP gate operation with
high fidelity.

Key words: superconducting quantum qubit; quantum iSWAP gate; bulk acoustic wave resonator; fidelity;
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A Fine Step Frequency Synthesizer Based on Double Loop System

SHEN Wenyuan' , TANG Guangqing’, YANG Qingfu', MU Xiaohua', LI Qinghong', JIANG Chuangxin'
(1. The 26th Institute of China Electronics Technology Group Corporation,Chongging 400060, China;
2. Military Representative Office of Air Force Equipment Department in Chongqing,Chongging 400060, China)

Abstract; A fine step frequency synthesis method based on double loop system is proposed to solve the integer
sideband spur problem of fractional frequency division phase lock. According to the working principle of variable ref-
erence to suppress fractional frequency integer sideband spurs, a fine step frequency synthesis system is formed by
cascading a first-order integer frequency division phase-locked loop(PLL) and a first-order fractional frequency divi-
sion PLL. The N frequency division and M parameters of the integer PLL are adjusted through software algorithms,
and finally the full frequency band spurs index is optimized. A broadband (bandwidth:4-8 GHz) fine step (1 kHz)
frequency synthesizer is designed according to the proposed method. The measured spurs is better than 75 dBc,
phase noise is better than —96 dBc/Hz at 1 kHz, and frequency hopping time is less than 47 ps.

Key words: phase-locked loop(PLL) ; fractional-N;{requency synthesizer;integer sideband; phase noise
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An Optimal Design Method of Dynamic Phase Noise Based on
Combined Compensation

CHENG Bin, SHEN Wenyuan. YE Feng, MU Xiaohua, JIANG Chuangxin
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract; A combined compensation scheme for passive vibration isolation and active acceleration compensation
is designed to improve the deterioration of dynamic phase noise of crystal oscillator. In this solution, a two-stage
rubber shock absorber is used to realize good passive vibration isolation and optimize the dynamic phase noise of
crystal vibration beyond 300 Hz. At the same time, the active acceleration electric compensation method is utilized
to make up the resonance problem of the passive vibration isolation system at the near end (about 220 Hz), and the
dynamic phase noise of 10~200 Hz is optimized. The results of the vibration experiment show that the combined
compensation method can optimize the dynamic phase noise of crystal oscillator by 15~ 35 dB from the range of
10 Hz to 2 000 Hz away from the carrier.

Key words: crystal oscillator; phase noise;combined compensation;frequency synthesizers;acceleration
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A High Precision Amplitude and Phase Modulation Mechanism(APMM )

LI Wei
(The 10th Institute of China Electronics Technology Group Corporation, Chengdu 610036, China)

Abstract ;: A high precision amplitude and phase modulation mechanism(APMM) with the advantages of high re-
liability, high linear amplitude and phase characteristics and fast design is described in this paper. Through the cas-
cading test, the consistency of the phase difference between channels of any multi-channel module is +1°, the ampli-
tude consistency between any functional units is less than £=1 dB, the phase consistency is =1.5°, the absolute de-
lay accuracy of any functional unit is £1.5 ps, and the amplitude flatness of multiple frequency relative bandwidths
is =1 dB. This APMM can be applied to any electronic system,any channelized design,any functional circuit or chip
design. Through a large number of engineering applications, it has been confirmed that the scheme has effectively
and reliably improved the amplitude and phase characteristics of various RF systems or modules.

Key words: high precision; amplitude and phase modulation mechanism ( APMM) ; high reliability; fast design;

computer aided design(CAD)
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Research on Frequency Interference Characteristic of Quartz MEMS Gyroscope

LIN Rile', XIE Jiawei' , WANG Wei' , DONG Yong', JIANG Zhaoxing' , RAN Longming’ ,

LI Wenyun', LUO Hua' ,ZHU Zhenzhong'
(1. The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China;
2. Military Delegate Office of Air Force in Chongqing Area,Chongging 400060, China)

Abstract: The quartz micro-electro-mechanical system (MEMS) gyroscope is a kind of Coriolis vibrating gyros.
Its sensitive chip adopts a tuning-fork structure, which is in a resonant state during operation. The sensitive chip
has multiple modes, and the first nine modes cover the frequency from 3 kHz to 21 kHz. Some modes of the sensi-
tive chip are susceptible to the external vibration, which causes the sensitive chip to resonate and resulting in zero
offset error of gyro. The zero offset error of gyro can reach 0.5 (°)/s. In this paper, the mechanism of the modal
resonance error of the sensitive chip is analyzed, and proposes a stagger frequency design in structure to avoid the in-
fluence of external specific frequency on the sensitive chip, so as to suppress the zero offset error. The zero offset
error is reduced to about 0. 03 (°)/s, and the adaptability of the gyro to the vibration environment is improved.

Key words: quartz; micro-electro-mechanical system(MEMS) gyroscope;frequency interference;modes;vibration
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Modeling and Analysis of the Electrostatic Drive of HRG

WEN Lu, JIANG Li, JIANG Chungiao, LIN Bingtao, YAN Longhui

(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400600, China)

Abstract; An electrostatic driving model of the resonator of hemispherical resonator gyroscopes (HRG) has been

established in this paper. The electrostatic driving force of 1/2 times, 1 times, 2 times and higher {requency voltage

signals of hemispherical harmonic oscillator is analyzed theoretically. The results show that the obtained hemispher-

ical harmonic oscillator is only sensitive to 1/2 times, 1 times and 2 times of the resonant frequency of hemispherical

harmonic oscillator, and is not sensitive to other frequency signals. The magnitude of the force of the driving voltage

signal applied in different ways is deduced, which provides a basis for the driving and closed-loop circuit design of

the hemispherical resonant gyroscope.

Key words: hemispherical resonator gyroscopes(HRG) ; driving voltage; electrostatic driving model; resonance

frequency; voltage signal
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Analysis of “Misalignment” in Laser Welding for Hemispherical
Gyroscope Packaging

LI Zhi, JIANG Chunqgiao, HE Haiping.PENG Kai,CHEN Wei
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China )

Abstract; The main defect of laser seal welding of hemispherical resonator gyroscope(HRG) is the solidification
crack at keyhole. In order to solve the problem of air tightness, on the basis of the theoretical analysis of the welding
process and the relevant experimental verification by using the “keyhole effect” of laser welding, the mechanism of
“misalignment” structure of welding joint to prevent hot cracks is investigated, and a new welding structure is pro-
posed accordingly. The results show that the crack in the welding joint of new structure is restrained and the air
tightness is improved significantly.

Key words: solidification cracking; hemispherical resonator gyroscope( HRG) ;laser seal welding; misalignment;

crack mechanism; air tightness
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Optimization of Amplitude Control Method of Hemispherical Resonator
Gyroscopes Under Force-to-rebalance Mode

YAN Longhui,JIANG Li,JIANG Chunqgiao, YANG Feng, WEN Lu
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract: The amplitude controlloop of hemispherical resonator gyroscopes(HRG) is used for vibration excita-
tion and amplitude maintenance of HRG. The scale factor of HRG working in force-to-rebalance (FTR)mode is pro-
portional to the amplitude of vibration. In this paper, the working principle of HRG working in FTR mode is theo-
retically deduced, Then, it is analyzed that the traditional amplitude control method will change the scale factor of
the hemispherical gyroscope due to the influence of external temperature change and aging of electronic components.
And finally, the optimization method of HRG amplitude control is proposed, which can greatly reduce the difficulty
of realizing the circuit under the condition of achieving the same scale factor stability.

Key words: hemispherical resonator gyroscopes(HRG) ; force-to-rebalanc(FTR) mode; amplitudecontrol; scale-

factor; optimization method
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Measurement of Scintillator Decay Time Constant Based on Single Photon Technology

WANG Qiang, WANG Lu,QU Jingjing, DING Yuchong
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)
Abstract: A set of measurement system of scintillator decay time constant is built up based on the principle of
delayed coincidence method of single photon technology. Three pieces scintillation crystals of Ce: LYSO and Ce :

LuAG scintillators were selected to measure the decay time. The single exponential fitting of the decay time constant

curve obtained from the measurement is carried out. The calculated decay time constant average of Ce *

43. 85 ns; the decay time constant average of Ce :

LYSO is

LuAG is 56. 02 ns. The test results of the device are basically

consistent with those of other measurement methods at home and abroad.

Key words: single photon;decay time constant;scintillator; Ce * LYSO;Ce :* LuAG
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Design and Study of Automatic Feeding Czochralski Crystal Furnace

LI Hailin, WU Huan, WANG Rui
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)
Abstract ;: Since the conventional crystal growth equipment does not have a feeding function, and the raw materi-
als cannot be replenished during the crystal growth process, the final crystal size is usually subjected to the size of
the crucible and the equipment, while the cost of larger size crucible and equipment is high, which restricts the re-
search and development of large size crystal. In this paper, an automatic feeding system is designed, which can sup-
ply the same mass of raw materials to the crucible according to the quality of the grown crystal, and ensure that the
solid-liquid interface in the crucible remains unchanged, so as to achieve the goal of growing largesize crystal in a

small crucible, improve the utilization rate of equipment, save energy, reduce production costs, and promote the de-
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velopment of largesize crystal.

Key words: automatical feeding; Czochralski crystal furnace;crystal growth; large size crystal
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Study on Sensing Characteristics of Bionic Hair Flow Sensor in Flow Field

XU Qiang. LI Jialing,SUN Kaixuan.JIANG Yani,BIAN Yixiang
(College of Mechanical Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract: By imitating the structure of insect receptor, a bionic hair airflow sensor, surface symmetric electrode
with metal core polyvinylidene fluoride(PVDF) fiber sensor(SMPF), is designed and fabricated. Based on the theo-
ry of hydrodynamics and the first piezoelectric equation, the air flow sensing model of SMPF is established. An ex-
perimental system is built to verify the sensing ability of SMPF for airflow velocity. The experimental results show
that the output signal of SMPF has a linear relationship with the square of air velocity. The experimental results
show that the output signal of SMPF has a linear relationship with the square of the airflow velocity, which validates
the theoretical model and shows that SMPF has the ability to sense the airflow velocity. The fibers are arranged in an
array row in the wind tunnel flow field, and the fiber array is impacted by the airflow. An experimental system is
builtto verify the sensing characteristics of the fibers in the flow field, and a finite element simulation analysis is car-
ried out. The experimental results show that in the wind tunnel device, when there is airflowflowing, a flow bounda-
ry layer is generated, the thickness of the boundary layer becomes thicker and thicker along the direction of airflow
velocity and the airflow velocity difference on the same cross section is getting larger and larger. The experimental
results verify the theoretical model and show that SMPF has the ability to sense the flow field distribution.

Key words: bionic hair; polyvinylidene fluoride(PVDF) fiber sensor (SMPF); piezoelectric properties; air flow

sensing model;sensor; flow boundary layer
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Study on a Kind of Cantilever Beam MSMA Vibrational Energy Harvester

ZHANG Qingxin, LYU Junbo, YANG Jing, WANG Luping, FENG Zhigang
(School of Automation, Shenyang Aerospace University, Shenyang 110136 ,China)

Abstract; The vibration energy exists widely in nature, and the use of intelligent materials to collect vibration
energy to power microelectronic systems is a development trend in the field of new energy. In this paper, a kind of
MSMA vibration energy harvester based on cantilever beam is designed by using the inverse effect of a new smart
material of magnetically controlled shape memory (MSMA). The structure of each part of the collector is analyzed
theoretically and designed systematically, and the structure model of the vibration energy harvester is established.
The finite element analysis of magnetic field is carried out by using ANSYS software, and it is verified that the mag-
netic circuit and magnetic induction intensity meet the requirements of vibration energy harvesting. On this basis, a
prototype of harvester is developed and tested by setting up an experimental platform. The results show that the
cantilever MSMA vibration energy harvester has a wide frequency band of vibration energy acquisition, and the out-
put voltage can reach 220 mV, which provides a reference for the collection and utilization of vibration energy.

Key words: magnetically controlled shape memory(MSMA) ; vibration energy harvester; cantilever beam; proto-
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A Mechanical Scanning Intravascular Ultrasound(IVUS) Probe

LU Shaowei' , LI Mingxia' ,FENG Zhihua' ,JIANG Xiaoning®
(1. Dept. of Precision Machinery and Precision Instrumentation, University of Science and Technology of China, Hefei 230026, Chinaj;
2. Dept. of Mechanical and Aerospace Engineering, North Carolina State University, The U. S, A.)

Abstract: The intravascular ultrasound(IVUS) plays a vital role in the diagnosis of cardiovascular disease. How-
ever, due to the non-uniform rotation commonly existing in the mechanical rotational probe, the imaging quality is
reduced. Thus in this paper, the driven motor is placed in the front of the probe to avoid long distance transmission.
The diameter of the piezoelectric motor is &1 mm, and the length is 10 mm. The motor has the characteristics of
stability and low power consumption, and the speed is high under low voltage driving. The scanning imaging results
of the probe are also presented in the article, which shows that this probe has certain feasibility.

Key words: non-uniform rotation; intravascular ultrasound(IVUS) probe; piezoelectric motor; transducer
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Design,Development and Applications of Wideband Underwater
Acoustic Transducer with Combination Mode

ZHANG Qingguo, HUANG Qipei, LI Xingwu, LIAN Li
(Kunming Shipborne Equipment Research & Test Center, Kunming 650051 ,China)

Abstract: The general-purposed wideband transducers (including low-frequency to high-frequency) are generally
used in combination with different types of transducers. A single transducer is independently designed and then com-
bined into an array. Its size is large and itsweight is heavy. and its performance specifications are affected after in-
stallation, such as the opening angle of the transducer becomes smaller. Based on the analysis of the current research
status of broadband transducer at home and abroad, combined with the requirements of small remote operated vehi-
cle (ROV) on the board detection, this paper puts forward the specific design requirementsof the underwater acous-
tic transducer. The composite rod transducer and several piezoelectric ceramic rings are designed in an open and inte-
grated way. On the basis of meeting the installation requirements of small ROV, the ultra-widefrequency band cov-
erage of 3~100 kHz for transmittingand 1~100 kHz for receiving is realized, and the opening angle is not less than
70°. The actual aviation test on the pool and the lake proves that the developed transducer is in line with the simula-
tion design, the actual measurement results are in good agreement with relevant domestic and foreign conclusions,
and have extensive engineering practical value.
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Experiment on Separation of Microliter Oil/Water Mixed Droplets on
Glass Substrate Driven by Lamb Wave

DING Wenzheng, LIANG Wei,ZHANG Fuqiang
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science,Shanghai 201620, China)

Abstract ; In this paper, it is proposed to install two single phase transducers(SPTs) with resonance frequency of
1 MHz in parallel on the inclined glass substrate to conduct microliter oil/water mixed drop separation experiments.
Combined with the force of oil/water mixed droplets on the inclined substrate, the two-dimensional Navier-Stokes e-
quation and the sound flow theory were used to establish the droplet motion mechanics model. The variation rela-
tionship between the separation time of the microliter oil/water mixed drop and various influencing factors was ana-
lyzed. The theoretical analysis and experimental results show that the factors affecting the separation time mainly in-
clude the substrate inclination angle, input peak voltage and oil/water mixing ratio. The oil/water mixed droplets
can be efficiently separated by adjusting the value of the influence factors. The research method can reduce the cost
of traditional oil/water mixed drop separation, and provide a new idea for separating two incompatible microliter
mixed droplets.

Key words: Lamb wave;acoustic streaming;oil/water separation;single phase transducer;microliter droplet
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Analysis of Size-dependent Free Vibration of Micro-scale PZT Driver

CHEN Ming"?, ZHENG Shijie’ , TIAN Zhicang' , YANG Zhijun', FENG Xin'
(1. School of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China;2. State Key Laboratory
of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
Abstract; Based on the modified couple stress theory and Hamilton principle, and combining the classical lami-
nated beam theory, the motion control equations and natural frequencies of micro-scale homogeneous and heteroge-
neous PZT intelligent drivers with laminated structure are derived in considering the mechanical-electrical coupling
effect. By introducing the intrinsic feature size parameters of materials, the size effect of the micro-scale PZT drivers
is successfully captured. The numerical analysis results show that different substrate materials have little influence
on the normalized natural frequency of micro-scale homogeneous and heterogeneous PZT intelligent actuators. With
the increase of the thickness of substrate layer, the size effect of micro-scale PZT drivers decrease gradually as the
thickness of the piezoelectric layer does not change. With the increase of feature size of the PZT structure, the size
effect gradually disappears.

Key words: modified couple stress theory; feature size parameter; PbZrTiO; (PZT) ; size effect; micro lami-
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Advances in Piezoelectric Ultrasonic Assisted Grinding and Polishing Technology

HUANG Weiqing., NING Qingshuang, AN Dawei, YANG Chenglong
(School of Mechanical and Electrical Engineering., Guangzhou University, Guangzhou 510006, China)

Abstract : Grinding and polishing is an important means of precision finishing in the field of machining. In tradi-
tional grinding and polishing, especially when grinding and polishing hard and brittle materials, there are character-
istics such as high hardness, low fracture toughness and stable chemical properties. It is difficult to obtain ideal pro-
cessing efficiency and superior surface quality when grinding and polishing. The piezoelectric ultrasonic assisted
grinding and polishing is a kind of vibration grinding technology. which applies ultrasonic vibration grinding technol-
ogy to the machining process. Its high frequency vibration can reduce the grinding force, improve the processing ef-
ficiency, and can give full play to the characteristics of hard grinding process effectively. According to the research
status of the characteristics and mechanism of ultrasonic assisted grinding and polishing, the development trends of
the ultrasonic assisted grinding and polishing of the hardness and brittle materials at home and abroad are reviewed
and prospected.

Key words: piezoelectric ultrasonic vibration; grinding mechanism;hard and brittle material; research prospect
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Study on the Growth Method of CeBr; Crystal by Anionic and
Cationic Co-doping

WU Huan, L1 Hailin, HE Ye, WANG Rui, LIU Jianjun, WANG Jia,DING Yuchong
(The 26th Insititue of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract: The quality of cerium bromide (CeBr;) crystal was improved by using the anionic and cationic co-
doped method. The results show that the defects such as cracking and fluidization can be effectively eliminated by
doping F~, and the optical linear output and the energy resolution of the crystal can be improved by doping Sr** at
the same time. The crystal blank of cerium bromide with @45 mm X 90 mm was grown by Bridgman method, and
the doping ratio was 98% CeBr;, 2% SrBr,, 10% CeF;. The energy resolution of the cut device is 4. 0% under the
action of 662 keV gamma ray of "' Cs radiation source.

Key words: cerium bromide; cationic and anionic co-doping; deliquescence;scintillation crystal; bridgman method
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An Energy Conversion Device Based on Dielectric Elastomer Array

REN Guanhua,CHEN Jie,CUI Chunhua,ZHAO Fenggang.L.I Baoquan
(School of Electrical Engineering, Xinjiang University, Urumgi 830047 ,China)

Abstract: A wind energy conversion device based on a dielectric elastomer array is designed, which includes a
windmill, a crankshaft, a dielectric elastomer film, a casing, a bearing, a clamp, a brush, a high voltage generator,
a cable, and the like. Among them, the rotating shaft of the windmill is connected with the main journal of the
crank connecting rod, the bearing is mounted on the connecting rod journal, the fixture for fixing the dielectric elas-
tic body is located 180° opposite to the outer side of the bearing, and the other side of the dielectric elastic body is al-
so fixed in the outer casing by using the clamp. On the surface. a plurality of connecting rod journals are arranged.,
and dielectric elastomer power generating units which are always in the same tensile state are connected in parallel to
form a group of power generating arrays, so as to increase the single power generation capacity. The device is based
on a single dielectric elastomer to form a dielectric elastomer array, which sequentially converts electrical energy in
one cycle. The experimental results show that the power generation in a single cycle can reach 17. 06 mJ when the
material strain reaches 230% and the charging voltage is 925 V. It provides a reference for the application of large-
scale power generation of dielectric elastomer arrays.

Key words: dielectric elastomer;array; micro-generator; material power generation;energy conversion
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Design andTest of Two-way Driven Compliant Structure Micro-motion Stage

LUO Zhanpeng, LI Guoping, HAN Tongpeng, YANG Yiling, LAI Wenfeng
(The Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: In response to the requirements of micro-nano manipulating technology for large stroke, high preci-
sion, multi-degree of freedom and output displacement decoupling of micro-motion stage, a xy two-degree-of-free-
dom two-way driven micro-motion stage based on two-stage amplification mechanism is designed. The motion and
amplification principle of the micro-motion stage were analyzed, and the theoretical models and finite element models
of the micro-motion stage were established and tested. The test results of the stage output characteristics showed
that the magnification of the micro-motion stage can be up to 8. 5 times. the error with the simulation value is
6.9% ,and the coupling displacement is controlled within 0. 82%. The stage was driven by a 150 V triangle wave
signal, and the positive and negative output displacements in the x direction are 84. 6 pym and —84. 2 um respective-
ly, and the positive and negative output displacement in the y direction are 85. 0 pm (—84.5 pm respectively. The
maximum displacement at different frequencies fluctuates only in a very small range, and the positive/negative out-
puts in & and y directions have high similarity and stability. The targets of two-way driving, large stroke, and high
precision have been realized.

Key words: micro-motion stage; compliant structure; two-way drive; two degrees of freedom; finite element

analysis
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O30T . B e AL RO 5R  A BOAE R RY B M R R
71.7 GPa, % & N 2 810 kg/m’ . JA¥N L N 0. 33, Jai
JIk 58 FE 2l 503 MPa,

M6 A R iy N2 F 245 6 1Y
NIRRT E NI N 8 i S =D N
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AR TR AL 78 53 s A7 B ARG 3% 2 H - 5 i i3 i
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5 RBCRAEHCY 9. 13,

Total Deformation
Type: Total Deformation

105.1 Max
93424
81.746
70.068
58.39
46.712
35.034
23356
11678

0 Min

(2) 30 F BTG HH AL S AT

91.349 Max
91.332
91314
91.296
91.279
91.261
91.243
91.226
91.208
91.191 Min

E: Static Structural
Equivalent Stress.

‘Type: Equivalent (von-Mises)
Unit MPa

Time: 1
2019/8/24 EW 10:03

66.964 Max
59523
52083
44643

(c) WBF- & BRI 4
B3 Bl GRS B B
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J5 1) A FE s d I 1 B ST o 07 a1 i KRS G AL
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R B A 3 (o) IR .
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0.049678 Max
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-0.020912
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-0.10915 Min

B4 B F G RREa 05
LU MRS 70 B 45 B 338l -F 5 Y 1A 3R
HHRMIE S Fros .t B AT A3 30l F 6 8 — B 8 A
B3R Ky 241, 54 Hz,

D: Modal

Total Deformation
Type: Total Deformation
Frequency: 241.54 Hz

Unit mm

2019/826 24— 15:06
0.010068 Max
0.0089496
0.0078309
0.0067122
0.0055935
0.0044748
0.0033561
0.0022374
0.0011187
0Min
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EAA BRTT 07 HAUE . 3R A 38 4 A (E A
A BRIT 1 BL(E SE AW G U6 B 25 4 0 B8 AT b 8
AH,

K2 WHTEMBKAREEAAE
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HL AR 5 R HL B0 28 1 Je K B 2 88 O 10 pm
It A Eh - & Wy 2 Bk 6 0 RO i BT 3
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[ o T f P 8 A AR W R A B B
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Zn-Nb-O iE N RAEN EH S R

THEELE B EKIT.E R EZFRL AR, ERZA . E 14°
(1. JERU i TR A R 7 AL 5T 10019252, PAb Tl K% b2 5% 95 1 4 AR [ K B S S0 06 2, Bk PG 75 %¢ 710072
3. EMILZR G S A B EBE B L 7R BF R 250003 ;4. H [ B Ty BHE IS B A BR A A kst 100192)
¥ OE R AL S A RN 45 (1— ) (0. 7ZnNb, O5-0. 3Zny Nb, Og ) -xZnAl, O, (BE /R 448 2=0~10%,
ZZD WA B b % W58 7 SL YDA 2H L R ARG R B A L AR . A5 R ER B ZZZ MORHRETE 1 150 C RS %
JEI T ZnNb, O \Zns Nb, Og Fl ZnAl, O, F A7 W ST AR L5, Jo HAWB AT A= . FERP AT, 227 B & WA 8 50k
21 ~24, i T B S 00 2 2 FL(QX /) 30 000~85 000 GHz, Ffi ZnAl, O, & & 38N, ZZ7 W % i 100 A v 3 8%
QX f H B V48 R 30 38 I 3 R B /)N R B R R AR v
KB R F AR s BRSO A it R R R
FE 45 S TN384 XEFRIZAD : A DOI:10. 11977/j. issn. 1004-2474. 2020. 02. 025

Study on the Structure and Properties of Zn-Nb-O
Microwave Dielectric Ceramics

WANG Haibao' , WANG Zheng' ,PANG Zhenjiang' ,LI Yue’ , REN Xiaowu',
ZHOU Jiabin® ,SHI Jianli' , GAO Feng’

. Beijing Smart-Chip Microelectronics Technology Co. , Ltd,Beijing 100192, China;2. State Key Laboratory of Solidification Processing,
College of Material Science and Engineering, Northwestern Polytechnical University,Xi’an 710072, China; 3. State Grid Shandong
Electric Power Research Institute,Jinan 250003, China;4. China Electric Power Research Institute Co. ,Ltd,Beijing 100192, China)

Abstract; The (1—x) (0. 7ZnNb, Os-0. 3Zn; Nb, Og)-2ZnAlL O, (x=0~10% , ZZZ) microwave dielectric ceram-
ics were prepared by the conventional solid-state reaction process. The phase composition, microstructure and mi-
crowave dielectric properties of the ZZZ ceramics were investigated. The results show that the ZZZ ceramics can be
sintered into porcelain at 1 150 ‘C, forming a multiphase structure in which ZnNb, O; , Zn; Nb, Oz and ZnAl; O, co-
exist without appearance of new phases. At microwave frequency, the dielectric constant of ZZZ ceramics is 21 to
24, and the product of quality factor and frequency (QX f) is 30 000 GHz to 85 000 GHz. With the increase of
ZnAl, O, content, the microwave dielectric constant, QX f value, and temperature coefficient of resonance frequency
of ZZ7 ceramics decrease, and the temperature stability improves.

Key words: zinc niobate; composite ceramics; microstructure; microwave dielectric properties; temperature stabili-

ty
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Hammerstein-likeModel for Hysteresis Characteristics of Piezoelectric Actuators

ZHAO Xinlong, SHEN Shuai
(College of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The hysteresis characteristics of piezoelectric actuators will affect the positioning accuracy of the mi-
cro-operating system. A Hammerstein-like model is proposed to describe the hysteresis characteristics of piezoelec-
tric actuators. Firstly, a modified dynamic hysteresis operator (MDHO) is proposed. By adding the offset, dead
zone width and slope in the operator, the height and width of the hysteresis can be adjusted to reflect the asymmetry
and rate correlation of hysteresis. Then the modified hysteresis operator is used to represent the static nonlinear
part. The parameters and weights of the hysteresis operator can be adjusted online to adapt to changes in external
conditions. The input autoregressive model is used to represent the dynamic linear part; a Hammerstein-like model
that can describe the rate dependent hysteresis characteristics of piezoelectric actuators is established. Finally, the
parameters in the model are identified by the least squares method, matrix expansion, and matrix singular value de-
composition in turn and the identified parameters were proved to be unbiased estimates. The effectiveness of the pro-
posed modeling method is verified by experiments.

Key words: piezoelectric actuator; hysteresis nonlinearity; modified hysteresis operator; Hammerstein-like mod-

el; singular value decomposition
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SINS/GPS Online Alignment Method Based on SCKF and Initial Attitude Estimation

ZHANG Huanrui' , LIU Xianglong” , SHAO Hongfeng’
(1. School of Instrumentation and Optoelectronic Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Key Laboratory of Advanced Public Transportation Science, China Academy of Transportation Sciences, Beijing 100029, China;
3. School of Instrumentation and Optoelectronic Engineering. Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: A SINS/GPS online alignment method based on the square root cubature Kalman filter and initial atti-
tude estimation algorithm is proposed in this paper. The square root cubature Kalman filter is constructed to handle
the nonlinear measurement model of the initial attitude which is represented with Rodrigue parameter, and the atti-
tude transformation matrix at the current time is obtained. The semi-physical simulations of the guided weapon and
the vehicle system are carried out. The results show that the online alignment can be finished within 25 s with the
proposed method. The simulation results of short-range guided weapon show that the yaw and pitch angle errors are
within 0. 1° and the roll angle errors are within 0. 3°. The simulation results of low-cost vehicle navigation system
show that the yaw angle errors are within 0. 2° and the pitch and roll angle errors are within 1°, which can meet the
alignment requirements of guided weapons and low cost civil vehicles.

Key words: inertial navigation; in-flight alignment; GPS; attitude estimation; nonlinear filter; MEMS sensor
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Nonlinear Correction of Piezoelectric Ceramic in Fizeau Interferometer

WANG Fang' ,LU Qingjie' , HAN Sen'

—~
—_

. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,Shanghai 200093, China;

2. Suzhou H &. L Instruments LLC, Suzhou 215123, China)

Abstract; The phase shifter is the core component of Fizeau interferometer and the key component is piezoelec-

tric ceramic actuator. However, the piezoelectric ceramic actuator has hysteresis and nonlinear characteristics which

seriously affects the precision of the phase shifter and adversely affects the surface shape detection of optical compo-

nents. Therefore, a control system of PZT is designed, which uses the National Instruments (NI) dynamic data ac-

quisition equipment (PCle-6321), LabVIEW system and voltage amplifier to form a voltage drive system to generate

drive signals, and uses the resistance strain gauge and Wheatstone bridge as the displacement sensor to collect the

displacement. Secondly, a polynomial model is established and a feedforward open-loop correction algorithm based

on the PZT transfer function are proposed to model and correct the PZT. Finally, the algorithm was verified on the

experimental system. The experimental results show that the phase shift error of the phase shifter can be improved,

and the difference between uncorrected and corrected displacement is less than 10% . The system can effectively cor-

rect the hysteresis nonlinear characteristic of piezoelectric ceramic actuator, so as to reduce the influence of nonlinear

phase shift on the measurement results and meet the high precision requirements of detecting optical element surface

shape and system.

Key words: Fizeau interferometer;phase shifter;transfer function;feedforward open-loop;nonlinearity
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Band Gaps and Vibration Reduction of Galfenol Phononic Crystal with Shunt Circuit

CAO Shuying'? , WANG Jinchuan'? ,ZHENG Jiaju'* , ZHANG Fubao'"’

(1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300130, China;
2. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province, Hebei University of
Technology, Tianjin 300130, China)

Abstract; It is of great practical significance to make use of the inverse magnetostrictive effect of Galfenol and
adjust the band gaps of its phononic crystal(PC) through the shunt element to achieve effective vibration reduction.
Based on the magnetostrictive constitutive equations, Armstrong model, Faraday law, transfer matrix method and
Bloch theorem, the effective elastic modulus expression of Galfenol with shunt circuit is derived and the vibration
model of the PC is established. The comparisons between the calculated and measured results show that the pro-
posed model can provide a reasonable data trend of the effective elastic modulus with the change of frequency and
shunt capacitance, and can predict the nonlinear behaviors of Galfenol parameters with the change of the stress. The
variation of the peak value of the Bragg band gap(BBG) attenuation constant and the cutoff frequency of the PC un-
der open circuit with stress is analyzed, and the optimal operating point for vibration reduction is determined. The
characteristics of BBG, resonance band gap(RBG) and resonance common band gap(RCBG) of the PC under differ-
ent shunt capacitance and stress are analyzed. The results show that smaller shunt capacitance, larger magnetome-
chanical coupled factor and larger inductance can significantly improve the vibration reduction performances of
the PC.

Key words: Galfenol phononic crystal;effective elastic modulus;nonlinear coupling; band gap;vibration reduction
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Research on Data Processing Method of MEMS Gyroscope Based on
BPNN Assisted Kalman Filter

DUAN Zhiqiang. LIU Jieyu, WANG Lixin, LI Xinsan, SHEN Qiang
(Navigation Guidance and Simulation Laboratory, Rocket Force Engineering University, Xi’an 710025, China)

Abstract; Aiming at the inaccurate data modeling of MEMS gyroscope or the inability to give a model, a method
to reduce the noise of gyroscope data by BP neural network (BPNN) assisted Kalman filtering is proposed in this pa-
per. Analysis of the systematic noise variance Q of the Kalman filter shows that when the model is not accurate, it
can be compensated by Q. Based on the principle of BP neural network to optimize Q value, the acquired MEMS gy-
roscope data were input into the Kalman filter to obtain Q firstly. Then the innovation, filter gain and measurement
noise variance are input into the neural network, and Q is used as the output of the neural network. The system
noise covariance matrix is optimized by the neural network to obtain Q” . And finally Q" is used as the noise variance
matrix of the Kalman filter system. The experimental results show that the method can effectively improve the accu-
racy of the gyroscope in the case of inaccurate modeling.

Key words: micro-electro-mechanical system( MEMS) gyroscope;data processing;error modeling ; Kalman filter;
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